The effects of phosphorylation of cardiac troponin-I on its interactions with actin and cardiac troponin-C.
It is known that the phosphorylation of two serine residues on the NH2-terminal extension specific to cardiac troponin-I (Tn-I) modulates the calcium-dependent activation of the myofilaments. The process by which this occurs remains an unsolved puzzle. We have applied a dissective approach to study the effect of this phosphorylation on the interactions between Tn-I and its partner proteins, actin and troponin-C (Tn-C). Using N-[14C]ethylmaleimide-labelled Tn-I in sedimentation assays with F-actin, we found that the dephosphorylated Tn-I binds to F-actin with pronounced positive cooperativity, both in the absence and the presence of tropomyosin. Phosphorylation of the protein slightly weakens the interaction in the absence of tropomyosin, but the cooperativity remained. In the presence of tropomyosin, phosphorylation of the Tn-I also appeared to slightly weaken the interaction as well but, more significantly, the cooperativity was eliminated. These data can only be explained simply by a cooperative interaction between the monomer units in the actin filament. The interactions between cardiac Tn-I and Tn-C were studied by labelling the Tn-C with the fluorescent probe dansyl aziridine. As expected, the binding of the dephosphorylated Tn-I to Tn-C was strengthened by over 20-fold upon the addition of calcium to the assay. Phosphorylation of the protein, however, had a dramatic effect on the interaction in that it appeared to desensitise the complex to the effect of calcium: the Ka values obtained for both interactions (+/- Ca2+) were almost identical. These results clearly indicate that the phosphorylation of Tn-I in the cardiac system has dramatic effects on the isolated inter-protein interactions. We also discuss the possible significance of such an effect on the interactions of the isolated proteins in their roles within the intact cardiac regulatory complex.